bre-Birefringence tuning technique for an Erbium-doped fibre ring laser," IEEE Photon. Technol. Lett. 32-34 (1993 A new semiconductor injection laser, which differs in a fundamental way from diode lasers, has been demonstrated using quantum structures grown by MBE and designed by band-structure engineering.' Called the quantum cascade laser (QCL), this device relies on only one type of carrier (it is a unipolar semiconductor laser), and on electronic transitions between conduction band states arising in quantum wells. This is to be contrasted with diode lasers (including quantum well lasers) where the lasing transition occurs between electron and hole states across the semiconductor bandgap. Such pure quantum confinement unipolar lasers were originally proposed 25 years ago, but despite considerable effort this is the first structure to achieve laser action. In QCLs, electrons stream down a potential staircase with many periods and sequentially emit photons within a group of specially designed quantum wells at each of the steps. AlInAs/GaInAs heterostructures with 25 periods were grown by MBE. A strong narrowing of the emission spectrum, above threshold, provides direct evidence of laser action at a wavelength of 4.2 microns with peak powers in excess of 30 mW at 10 K and 10 mW at 95 K in pulsed operation. In QCLs, the wavelength, entirely determined by quantum confinement, can be tailored from the mid-infrared to the submillimeter (100 micron) region using the same InP-or GaAsbased heterostructure material. The gain of QCLs is expected to be much less sensitive to temperature, the linewidth to be intrinsically narrower and the frequency response fundamentally different than in other semiconductor lasers. (AE,) and the valence band offset (AE,) are estimated to be 140 and 100 meV, respectively. Carriers are effectively confined within the ZnCdSe wells. To measure the nonlinear optical properties of the MQW, the substrate was partially etched away (1 mm in diameter) using a selective etching, leaving the MQW exposed. X-ray diffraction analysis indicated the good periodicity of the MQW. A sharp excitonic absorption peak was observed in absorption spectra of the MQW even at room temperature, suggesting the enhancement of exciton binding energy. The peak position shifted to shorter wavelength with decreasing the thickness of ZnCdSe wells due to the quantum confinement effect. Figure 1 shows the cross-sectional transmission electron microscope (TEM) image of the MQW. The smooth periodic interfaces are clearly observed. From the figure, the thickness of ZnCdSe and ZnSSe were estimated to be 7 and 23 nm, respectively.
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The third-order nonlinearity suscepti-
of the MQW was measured by a degenerate four-wave mixing (DFWM) using a subnanosecond dye laser at room temperature. Figure 2 shows the wavelength dependence of the x (~) for the MQW at an input power intensity of 36 kW cm-*. The absorption spectrum of the MQW is also shown in the figure. In the spectrum, the exciton peak is observed at 2.57 eV. The xI3) showed a maximum with 2 X esu at the peak of exciton absorption.
Delay time of the diffraction light(signa1) was measured by timeresolved DFWM at 77 K using a picosecond Tisapphire laser (467 nm). Figure 3 shows the signal intensity as a function of the delay time. From the decay curve, the decay times 5 and 40 ps were obtained. The longer decay time was almost the same as the photoluminescence decay time of the MQW. Therefore, the longer decay time was probably due to the recombination of free electron-hole pair. Kamal, SPIE 2044 , 192 (1993 .
4. the third-order nonlinear susceptibility, x'~), of these glasses was at the range of 10-'3-10-'1 esu because of the low solubility of Au into glasses.' To resolve this problem, we have tried to prepare Auparticles/SiO, glass composite thin films (Au/SiO, films) with higher Au concentrations using a sputtering method. We could obtain the larger x (~) values of esu at the surface plasmon resonance of Au particles.
5.

6.
CTuM4 1615
A multitarget magnetron sputtering method was applied to prepare Au/SiOZ films. The Au and SiO, targets were inexpected for such materials, the value of Optical absorption spectra of Au/SiO, glass composite thin films with 9.2 at.% of Au, which were annealed at different temperatures between 500 and 1000°C.
dependently manipulated. Au and SiO, were deposited altematively onto SiO, substrates and a multilayer structure was obtained. The concentration of Au in the films was successfully controlled by both the deposition time and the input power. X-ray photoelectron spectroscopy and xray diffraction measurement indicated the formation of Au particles in the asdeposited film. The size of Au particles was controlled by the subsequent annealing of as-deposited films. Figure 1 shows the cross-sectional at.% of Au. The figure clearly demonstrates the multilayer structure where the Au-particle layer (the thickness is about 11 nm) is sandwiched between SiO, layer (thickness about 11 nm). In the Au-particle layer, the diameter of Au particles was estimated to be 3-4 nm. Optical absorption spectra of the Au/ SiO, films with different Au-particle sizes at room temperature are shown in Fig. 2 . The mean diameter of Au particles increased from 3 to 10.5 nm with increasing the annealing temperatures from 500 to 1000°C in air. The absorption peak due to the surface plasmon resonance of Au particles is observed at the wavelength of 527-544 nm. The broad absorption in the shorter wavelength region is due to interband transitions. With increasing the mean diameter of Au particles, the peak position is shifted to shorter wavelength and the full width at half maximum (FWHM) of the absorption band is decreased from 115 nm to 80 nm. The increase of FWHM for smaller particle sizes coincides with the shortening of the mean free path of free electrons in the parti~le.~ Figure 3 shows the relationship between the x (~) / c Y and the mean diameter of Au particles for the Au/SiO, films. The values of x (~) were estimated to be 1.5 X 10-9-3.6 x esu from measurements of a degenerated four-wave mixing at room temperature. These values were two orders of magnitude larger than those of Au particles in glasses.' In accordance with the calculation considering a local field effect; the ~(~' / c i increases with increase of the mean diameter of Au particles. *Nagoya Univ., Japan
